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ABSTRACT 

PROBLEM TO BE SOLVED: To reduce a pipeline stall due to a data hazard of a 
superscalar system and to improve the processing speed by changing an 
instruction in 1st instruction format stored in an instruction memory into 
an instruction in 2nd instruction format. 

SOLUTION: The instruction is taken in a 1st stage from the instruction 
memory and the instruction taken in the 1st stage 101 is decoded in a 2nd 
stage 103. The decoded instruction is executed in a 3rd stage and when the 
execution result is written in a register in a 4th stage 107, the 
instruction in the 1st instruction format stored in the instruction memory 
is changed into the instruction in the 2nd instruction format and executed. 
Consequently, the pipeline stall due to the data hazard of the superscalar 
system can be reduced and the processing speed is improved. 
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5 Z t ?r#J» > -t 5 X - iO-g^So 

L« m2(7?;<--:7>KlcJ||^?*^^^^rt-t-5^^7;*— 



<^ ^5fe^T^ ^ > 7^- ^ 7 □ -(0 ic 7i t ^^fS^ 

2(0^<&7^-^5, KOg|3§f^^lC^^LTS(FfEm3<D 
>^x-viwigaiL, ✓^3fe?|J||^T^Sg 

®= 

5iS*i| 1 1 lc|2*St(Ox-;$^tog3Sffio 

a. 

5 J-fttliS1g?8ccDi5h<^$r3£S-r5m2 (D^T-'-vfi: , 
[IS*^ 1 6 ] if 1 5 ICfE<S<om 1 <07^7—'y\X 2 

[IS3}tili 7] aS^^l 6{c:S2«(D^i(0;^.x— i^ll, 

StiIECPUIl, 

A>o^l2 2o(0^<&;cBr^(Ogaff,;iJfc5S-&, 
2 oOiftj^S: 2 ^OvnV 7*7 :^^3fe?iJ{-^tT-Ct 5 J: 



9 !-tllie 2 ■o(rj^^^-^^i-i>^^f=i-{ft , 

11. SIS[^<f5•|c^D•^^T||l(0;^-•■<7>Ki:^2<7^;^--^7 

7^-<7> K>^.2 0;t--:7>'Ki:§rSI|[L. ^3 0:^^ 
i -r -5 -7 ^ ^ D 3 f 3. - ^J' , 

7cU'>'x«.^#-§-7)5|5]— c$)5r tSr^UlLT, 
1- ^) Z t aritf'dS > -t 5 ^ n 3 > t* - , 
[0 0 0 1] 

[0 0 0 2] 

[ItSSOS^fr] -^^i t^u-fu^y^ (CPU(Central P 
recessing Unit). n =i:/t'i — ^'^WilgliJ^i: L 

ii^SCCPipelining)!?!!^-^^-^-^ o 7'n-fe s/f-|l, R 
I SC(Redused Instmction Set Computer) g/T* n -fe y 

[0 0 0 3] laitt. ■=?'r^'n7'Diry-»^(0v-;.1'7'7-< 

(bi73/cii)iS^«^?S-t-'5/^y 7^-fe;^<D;^x— (m 
EM) ?r^rBSLT*>^.. <i^iJo;^x-v7 (10 1, 10 
3. 1 0 5. 1 0 7 ) Jl 1 (^Dj/^Jr) 

(1 0 2. 1 0 4. 1 0 6) $r^rLT«IifelCtog 

I ^T—i^l 0 l\t^^7:>^vf^no (IF), ^2 
;^-f— >'i 0 3«^^o/Sf?&l>'i'v;^^'Og5-^aiLlr 
rf^ (ID) , ^3;^7"— :^l 0 5(i^<&1t|g;4iJg^L 
;^?SS«rllfft5 (EX) , M4;^x-v'l 0 7H«3I 
Tl*?rft-iT^i 0 8Sr^^t•CB2;^r-i^l 0 3rtlcE 
ig*n:fc^i;;«.^lcS#ji;£flr^f^ (WB) , 

[0 0 0 4] il2|Itt/<^7*7'Ci^T4 00^'^Srj!aS 



5^<'<'7'7-1'> • h-/i'tPfli'ix-5)c Z(Dm^i^m 
2(0 (a) iC^^itTV"?), 132(0 (a) ^(TJfeT^rSl 

v^fc2o(0^fn(l5c'fT^4?(OUi;;^^Stjx;^m. 
# (O u V ^ if ttj L L T V ^ 5 , 
[0 0 0 5] t^^SoT. Z(0P=1li$r/l?^1-5^gi L 
•C, m:B£(0^^;i'«ti(0?gS?Sft$rl^ffl1-5^^lctt^:<0 
(i*rft^i^i 0 8?r:fhLTm3;^x-v?i o 5rt(0iSI^ 

llOTfeio r(OSagli7a^7-x-^>^^(Fo^wal•din 

g) t LTipPj^Tisij. -iriciij 1 ^^©(ontf 

*5prigfc/i5, »i*3, 0 2(0 (b) F*3(0£T^|SlV>fc:2 
o(0^e|]|l7;*-!7-T-<:^^'^^LTV^5o L/c*5oT 

<iS>j(o<fjf<^sasicsi-5^'D .;/^S!ttt0ijx.ii4 t^ia, 

LTVKfOT-. ^^iaSlll^'Dj/^'S/cO l#<^>;i 

^)5^^lg(7•D^•7A)$r^T9/c«)0||^T^<ft■lft755'> 

[0006] fiia, ^<'^7'7^yS.V^7^7-'f^>'i^ 
l;o^^•Cll. 1 9 9 4 ^Morgan Kaufman Publishers, I 
nc. ISff OHennessy et al. fCoinputer Organization a 
nd DesignJ ®6SEnhancing Performance with Pipeli 
ning(3 6 2H;4>?5 4 5 0 H) J-fSte ^HTV^So 

[0 0 0 7] iifcli. -7^ iruzfu^ s^f-(OiaSiia5rfSl 
±i-i)yj^(D 1 011 1 LT. ^^;^*7:*■^(Superscal 

ar)*5fc5o iRl^i-HfT-ctirSI 
SIS(OSi:§r«ia:i@. 0il^ii2<@lwL. ^n»iic;i:-Cife<^ 
7 1 5/ t ifil'^T'a - K t> 1 2 off X 5 J: 5 I- L 
^i><0-CS)5, w(0|&^, 03(0 (a) x-^'fei^ilL 
aJS6?)lcttl:?Dy:J'S|;i2o(0^ 

oVTtt. PS^l^^ hnzz^r;^^ 1 9 8 9^11^2 
7 B-§-(No.487). 1 9 lH*»e>2 0 0H(O rjJj-ftftR I 
SC. 3fe?iMgS:«AUCM0STl 0 OMI PSJaP) 

[0 0 0 8] Se3t5i0;^-^N;^;* 7:^^SrS?ffi LT^^5 R 
I SCg|(0-7^^o7'o-feyf-(0^<^g|j:4/NV 

'io-Cl'^5(0;!)5-^St;-Cfe<5„ Z<Dm\t. <t$W¥2 — 1 
3 0 6 34-S-(CfE«c$nTt^5, a-K^^S:iBi 
«)5 (tfiJ<^S:*&iS^i-5p<*y (0(5&ffl4tr'>'tc<-t5) fc 
felc. 2^nV h@^g^<^(OR I SCS|0-=?'1':^D7'n 

S CSO^'f if o ro-fe s/f-iciJy^ 

fflSiXTV^/iVV -OfiflJll, #M¥5— 1 9 7 54 6^ 

[0 0 0 9] 



[0010] (l)mov R3, R2 ^ :^9Ki(Dfy^P 

(2) mov HZ!, R5 fx*— ^*32*ar l^-:/:^ ^RSId^^j 

(3) add R4, R2 T UvJ;^^R4(0(^$tR2(Ort§Sr 

(4) and R3, R5 T Uv?;^^R3(0(^§tR5(0(^S$- 

±fa^<& (1) h^^ (2) . &t>'^<^ (3) t^<^ 

(4) (rtt^n^'nx-^'ote?f{4 (f^-^^D-) II 

Li)-L. (1) hiH^ (3) , ^V^i^^ 

(2) i:if;j<^ (4) ICtt^H^'^tf'-^'(Dte??{§ (T- 
^7D-) -r/jibt,. (1) tSti^ (3) 

<0i5):^T-u-:;;^^'R2$rteffl1-5, *fc, (2) 
^ (4) (DPi:^T-uc?;^^'R5?r{£ffl1-5. 'iSoT, 
(1) <7)^m^lCfi^}<^ (3) lr3lffL/i»mii/ib'i 

^\ t.fz. iffi<^ (2) (oiin^ic)ih<^ (4) ^unnui 

[0 0 11] irfit>^. W\^\z%'a-ti^^mz7'-'^ 

X\ 'tS3feO|5]B#|;:i^^(0;^$r^f7l-'5S^<0 2»<D4a; 
-^fe?ft4255fe5i|-g.^ [gl3(^ (b) \zin^fii)i:o 

{0 0 \ 2] ^(DfzMZ^ 03(0 (C) IC^T^^nSip 

[0 0 13] 2>:»ci{h<ft-7;j-— 7 h&t/ifii^fr5^»wj:ij 
(0 0 1 4] EI4ICI1, 4^>V h • 3;*--<7VK^^ 

T'OP7^-;UK4 0 lttlS}l<fr«BgSri!$^1-5o S 17 
-f-yuK4 0 315^1 A;^Sr1#^1-5Uv?;^^#^ 
I7i--:7>K) , S2 7-f-^uK4 0 4(jm2A:^$r# 

a=b+c+d; 

l^^^r4/^•'r h . 3;*-'<7i'K^^«:^OiJi}^3?'J (^^ 
?'J (Ai) ) l::^m-r-5>JJiTOJ;5Jc/i5, 

[0 0 1 9 J 
add Rb.Rc.Ra 



4 0 2(itli;^Sr#^f 5 u-:/;^:J'S^ {%37^-<y> 

h^^{*^cO^^S<0.^fe'*»fc 1 try hAO 
^^^aslladd^ 0 i2:5S*DSE^^zextadd/i ff^^-g-^^ 
tttSt^nSo aslladd^<^|1^1^^7>'K<0fy h 

<DX\ 2extadd^'^d:^l:*-'<7^'K<0trj/ h/<^'^'CO 
&^i>^0»cL^5:'#T-ii^<7^*Dg5r^T5 t)OTfc5. 

S 1 7^->'l'K4 0 3T-1#^$n^UvJ;^^' 
(IHStEUv;;^^') rtS;J5^(0S* D7-<— K4 0 2 

it) ^nSo 

( 0 0 1 5 ] 0 5 \z\t. 2 /nV f. • 2 :^ K^'^ 

>'<— h_y(O0iJ^5^$tL5o 0 5TOP7-f— ywKS 0 1 
»S^^«ISgSr#:£f 5. S 1 7-<-/uK5 0 3H®1 A 

>(—/^Y5 0 2\i^2Xtl^<^■&■t^^'^:^9^^■ (in 

e7b>tiTv^5o ■f-'i*?*), ::(D^^?f^S:(i2-oo;i-'<7 

TV^igB^Tfeio t-Jii^^j, :^'<7>' K<D?Bc;!55 lO'> 
[0016] ^^mmz\t 1 A:^lEitiSil<&i LT|I¥^ 

^^S<oii5-g-cA;^)Uv?;^^' mxkitui/yi.f') tmti 

;45oTw(0#-&, SI 7-f~/uKttu-:^;^^'#-§-T!i 
<. asllff!j<^Sr1#^-f5yS:«)(Oa:56iff}^a-Ki5liSiSij$ 

[0 0 17] 4/nV h • 3;f--:7:^Kif!i<^fls5^t 
2/W h • 2;j---:7>K^^fr^(0fijm#^Sr?^5i{bt- 

[0 0 18] 

(A) 

add Ra, Rd, Ra 

-;^m?r2/N'^ h • 2;*-'<7>K^<&fl:3^<0^^?iJ 
(iffj^?iJ {A2) ) lc^'^-r5ttATroi5l-»i5o 
[0 0 2 0] 



mov Rb. Ra 
add Rc. Ra 
add Rd, Ra 

[0 0 2 1] L^'L, 2/^-1' h • 2;^^7:^KK)^<^«: 

ZX-ltUTcD^ (B) T-lftP^-f-So 
[0 0 2 2] a=b+c; 

*?|J (Bi) ) i::S'mi-5tKJlT<^J;p(c/i5, 

[ 0 0 2 3 ] add Rb, Rc, Ra 

Ltl^ 2 y<-( h • 2:t^7>h'<D^'^M (^<^?iJ 
(B2) ) {cS^jft-t-5ttJlT(0<J;p|c:/ii„ 

[0 0 2 4] 
mov Rb, Ra 
add Rc, Ra 

4^W h • 3;*--<7>K(0^^{$:^Tfcixtf. ^Vt'^ 
:^2/<^ h • 2 3^-:7>K(01S^^^«c;STfc^^tt^ ^^Ic 

^9<f?add<^2 0CO^<&r,giCx-^7n-;4S^^^Et-5o O 

■f5£-S;45fc!3, 2^n 5,;j'0^f7^F^;4i;<,»;i>5^ i^y 

mov Rb, Ra 
add Rc, Rd 

X'hH\i, 2O(0^^Bg-C-x — ^^7 0— ;JJ/iVN(DT, 2 
otO/<^ >§r^ffl LT 1 D i/ T-3l?TT-t 5af? 

^ (B) ic::itjcc;-t-5^^?il (B2) T-llr- 
* 7 n-^:^^^£-|-5 - t (c J: t) iag^Bg;4S35^5>|cA»;l»;5 

[0 0 2 5] 2 /V h • 2 V h'^H'^t^^.O 

!ie*r4x<^ h . 3;f-<7>K^^fl:^i:iteLTaft?^ 

h ■ 3;*-'<7i^K^<^(^^IC*3V^-C<,, 



1) (0.t5l-T-^7D-;6;#4L, 2y<^ h ' 2:t-< 
[0 0 2 6] V^m^h^tEti)-^^ ^ °y'i:^± -yftt. 

y7h'>:^T^m<D^mi)^h*). ztitx-m^±ifx^ 
fzyy v^^Tsm<om.m<r>f;s^,x\ ^^yy^—ry 
^^i^^^.^^w-t^ zktimmxhi, 'i*oT, it 

iiS<0 [6] ± ^ E 5 fc 5 o 
[0 0 2 7] *:5g!^OS$)ail. :^-y<y^iiy:fj^\zi6i-) 

[0 0 2 8] *3g?^Otero!SSli, ^trifU^fC^B'M 

[0 0 2 9] ^fcjc, if.wm\mwm.. 2^<^y - 

[0 0 3 0] *:^PJC0MiE3fet>*lC^<^te(DS!liiSfM'ic 
[0 0 3 1] 

[0 0 3 2] yTy^ >:^^Wx-^'i&aj?E(t. ^ 

[0 0 3 3] ^<ft-flfS±tt 2 h 2 V K^^fls: 

^T*)5/45, rtgi5teS6?)lctt3;t'<7:^K^<&«f5Ri: L 

1-5„ -tLT, l!«^-t--5 2oro2;j---:7>K^<^7j5, i 
5T*)ti.(i2o(75^<^$r lo(^3y^'<7:^K^^ 

t LXM^^T—i^iz^^tilrXDi/ ^ yi^xU^^fx, 
5o i^t:M^-ti)2r3<r>-SH^iif—^yu~<r)^mzh 

[0 0 3 4] 2o(0^^§rPINF^c||^TT# 
y^—\^ii*)'^^xhix\i2i^uy{KD^f^^^\^x^^ 

tz 2 o(D^^iag§r 1 ^ n y xmnx^ i,Zb iCTi 



5= Lt-fi'^^x. i^»tLx<Dm'i7^^ ■yi'tk^mmx- 

[0 0 3 5 J 

(0 0 3 61 «•V'1'^'D7•D•^?:y-!^(D^•;'f 

(0 0 3 7] mi;».T-v?7 0 Ofi^^^is/f-^X- 

v-c-$)5, ^2;^x-v?8 0 ofi^<^!-r=i-K;^x-v? 
T-ife5o ^3;:«.7'—:;9 0 oiiillSi^T'-i/T-*)?), ^ 
4;^T--:Pi 0 0 onu-:;;?.^f'^(DS#ji;^t 7;^•^7- 
II, miys/f'Prso, ^2 7j/f^ll8 5 0Sl>-m3 
7:y^l$9 5 0;i5fe5, /j:*3. 111 6 tiT«O||Jfi0iJ|c:*5(t 

(0 0 3 81 ((^'fS-^is/^;*.^--:^)) HTI^tt^ly!. 
x-ix? 0 0 tUl 7 i/f"!*? 5 0 t<Dt$fmzfu 
A'^T-^^iXi,^ v?7 0 Oil, 7'n^-7A;!!;>j7> 

^ (PC) 7 0 1 t73:s/'3^$iJ{|)gB7 0 2 t^^^pt^y 
7 0 3 tT'^it^fe$ix5„ mi 7— v?7 0 00^^7 01 

y^^T'— :^<0!g:fiJtt^^;>« ^ y F^o^<^5r2fcwm2 ;^ 

(0 0 3 9] Zfuif^j J^i]^-^^ 7 0 ICOjg-fr 
rft^^ 7 0 4 ICJiffi L^^p< ^ y 7 0 3rtO^<&4^< 
^ \- (2^^) 5rfS-§-|S7 0 5 Sr^LT7 3::yf^$iJpgI5 
7 0 2l;:7iS/f^f 5, 7 aiy ^'SiJfflgB? 0 21^7 315/ 
^$*t^2oO^<%Sr(t^i^8 0 3lwS§oT, m-§-i^7 
0 6, 7 0 7 ICiSlffii-5, ^-n^^t^m 1 y 'yf-U 750 
rt(^7yf^7 5 llCff-§-j^7 0 6COrtS;J5feiW$n, y 
3'^7 5 2l^m^^7 0 7(Drt#*5t§^$^^5, 

7 5 1 ICUm 1 7yf"7 5 2|CttB2lJfr<^;J5jg 

rciT, 1fl^^?|J(0<^'lc:*>^^T^l^<^lim2 

^, m2^<^^^igSlfi)^tt>V^9. 
[0 04 0] yuifyM.-f3^>f 1 0 \<Dm^A 

'kisatitm'tyojryA^rpi^^ 7 0 ucu^fi*} 
1"= i''7A;<7^':^^ 7 0 1(7)11: (^<^p<^y §:T^ 
-tr;«.1-?)7' Ku;^(7D(ii[) li2<ofSF!E5:tt>^S)J^i^<ott-c 
^^<&p'.^y*»f,4^NV h^(7)ff|j^ (2^^) ^y^u'^ 
tmiy -y^mi 5 0 hiZyyf-t:i>Xom I ^T-iy 

Lti4^<^ h5><7)^^§r^O**Ml 7 5/^^1*7 5 OIC 



^im^i}<r>{s]^<^ h^A-(0\nn^tS^m8 o 3 Ir/rt 

1 ;^7^— 7 0 0 07 HI s/5^$iji|igi; 7 0 2 
m 1 7 0 0 y^^ijl^gc 7 0 2 il^tilcjj; 

^LT7at2/f^$iJpai7 0 2hJC#fe-f S^^s/^T^rfS 

^) Srff 7 0 6 , 7 0 7|Ci^ajL, mi7 5'^aF7 
5 0f^<Dy yi^T 5 1^ 7 5 2{C}^S^-r5, 

[0 04 11 3— ig] 8 icjim 2 y^ 

X-C?8 0 0 t^2 7S/f^2¥8 5 0 tOl^^T'o j/^'O 

m2;^r— v^s 0 Oil, t=i- K*J89tll8 

0 1 1 UvJ;^^77'i'^V'8 0 2 i:Tffle£$n5), ^2;^ 
x-v^8 0 oo^^^xa- Kj^t'— :?<D{§:fi||ltiTOji 

(1) 2oOiffi<^-c{5&ffl$n5A;'3r-^'SrfflSL, i!)>: 
(D^^y^T-i? (m3;^T-v;9 0 0) i::S|-t-, 

[0 0 4 2] (2) 2 0<73^<&RflOr-^7n-5r^5i 
L, ^^71^^^<^ (^1A<&) 0||?7S*§r^ii^^<ft- (^2 
^❖) ;)5^fflLTV^7iimtf, 2ooA<^^aS'filS^ 
r-->*l^feffif^). 

[0 04 3] (3) 2 0(^^<^Pig(7)r-^'7n-$rt^S 

Bff^ojgIlJlc^^^^ 2 o(7)^^^siE-t-5, 
[0 0 4 4] (4) S5®;^7^-v?|c:&gtei[aL/c^<^«c 

[0 0 4 5] ^^xa— K;^X-vJ (m2;^x— v^S 0 

0) OS(jf^$rt;lTlwUiPJ-f5o S 1 2 Idilx^- K$<J 
^ffSBS 0 lo-g|5o|^^ffl7'D5/^I21i;^$i^5, 7^3 — 

h'MmUSO lllx-^'7D— ;^[iiIllllDFDC, -^h^fr 

■tw^^'SEL i7S»6)4$r*"L, x-^'^o-^tii 
tH]?SDFDC<0*J(«|cS-:JV>T7s'^7 5 1, 7 5 2(0 
rtSSrAOIL, 73/^^8 5 1, 8 5 2 OrtSlcSSi-t- 
5. 

[0 04 6] 7j/^7 5 ICOrtSTfeS^l^^OOP 
/UKSrOP- 1, D7-<— yUKS-D- 1, S17 
-f-yi-KSrS 1- 1 5)0 7 s'f'7 5 2 0rtgT*)5 
m2^<&OOP7-<— >'UK$-OP-2, D^-^-^'WKSr 
D-2, S 1 7-r-/vKSrS 1 -2 tf 5o yyf-85 

1 Ort^Tfe^m 1 ^^(OO P y w -yw Ki&'O PN- 

1, D7-f-/PKSrDN- 1, S 17-<~yUKSrS IN- 
lt1-5, 7 3/^-8 5 2(DrtgTfc5m2^<^(7)OP7 
^— yUKSrOPN-2, D7-f— KtrDN- 2, SI 
7-f — >'V' KSrS 1 N-2 fc-f 5o 7S'^8 5 2(^)F*^^T- 
fc5.m2^^ll$P,lcS27>^-;uK$r^rU Ztl^S 
2N-2 ir-r^o 

[0 04 7] x=r- K*JffllS5 8 0 1 tt7 7 5 0 F*i 

07 5/^7 5 1, 7 5 2±l?5fetT#^>g^ig£lf|»^0 2o 
<^^4?*ff^^7 5 3, 7 5 4?r/^LTSt^)jA^p, 



^7t?7^^C0D>'w'-/UK (D-1) (OU->';^:$^#-§-^t 
{ggg^^OS 1 7>f — /UK (SI -2) XttD7-f— yU 

K (D-2) (0Uv^;^:$'#^i:^Li^A>5;l»Sr7'-:?7 
D-:^tB[H]?SD F D CT'^ai-5 = 

[0 0 4 8] ui;^^'S-^#^L</ii/^^^. =f-9y 

i:. x-^7D-:^ai[D]jgDFDCIJ, $ij(^ff ^8 2 1 
;!)»b8 2 4 $rtii:^L, -fe S E L 1 4 Sr^il^-' 
n^'3#XTfi-^^8 1 3, 8 0 4$r:n'LT. ^s'f'S 
5 1. 8 5 2lC^j^L^mi^<&. 
5o 'tcJJ, ir^^^SELl, SEL2 0— OCOA^ 
Iwli I NCC-C4fi!t$nfcffia^f»<^NOP 8 2 0*5;^^ 

(0 0 4 9]$f,JC, -tUiJ'^'S EL 2 fS-i-iJS 
8 4 Osr^tTT-^^^D-i^aiigjgDFDCdiU^ 

U^'^'SEL 2ICA;^$n5»f^t'i^<^ll, r-^7n 
-t^aillliSDFDC^57 5,f^7 5 lOOP-lt^s/'?' 
7 5 2O0P-2{::£'^V^T±^KLfct<^T*)^3. 
5^8 5 2<O0 P-2IZl§^$it5o :Sfi£$tl-5liT/c'iif|) 
^<^-esjt LT(1, 0 P- l;5Sl tfy h^<ft-asll 
T-O P-2;J5in^^<^add(Dt 1 fj/ h 

[OOSOl-tU^^'SELSli, Sl-l^^(iD- 

2 o-:*r(0<i:$rigjR s i N- 2 lc^ifrt-r5/c*(0 1 

[005l]t^^'^SEL4»i. SI - iS/ciJS 1 
-2(0-:^OfiE^3SJflL. S 2 N-2{C*SSfti-5fc«)<D 

[0 0 5 2] Ell i|c:n^<^7^3-K;^x— i^05 2oCD 

t'^jtjA^-CfcS. |g2^<&tt^<ft-Jg^SrEf>0 2/^^ h 
• 2;j-'<7>' K'ffMtc0;J>fel24O4>'<-1' h • 3;i-'<7 

Ell 1 (DM.u\immn mn. mm ^^uam 

m (SSiSS, S^gfp^) >j:i:'c0 2A^Siafift^iSri^.|^T 
1-5^<^i&Tfc5, SflifeeL;tJ:5l-v zextALU ttSlgH 
•^(OmiA;^Sr0j£3SL, ^ UTALUSI^1-5^<^-Cfe 

[0 0 5 3] 01 1<D (1) i-i2:t-<7>y'm^(Di^$f- 
^'ninovi: SI^^<^ALUt O 2 ^^^.g-CfcofcbOSr 1 
5r 1S¥^'ft-niov(73D7-<'— ;UK(OW-:/;:^^'#-§->ig^ 



[0054] 72/5^85 1,85 2 7 ^ — /U KJC^S 

[0 0 5 5] 

IF (D-1) = (D-2) , 
THEN OPN-l«-nop. 

OPN-2'^OP-2, 
DN-2-D-2, 
S1N-2-S 1-1. 
S2N-2-'-S 1-2 

ICtt Fniovj ;45, D- 1 (lltt fRNj ^5, 3 1 - 1 
fRmJ i'^^m^ttX^^^it-ti, ^tz. 7:xf-7 5 2 
COOP- 2 ten fALUj i'\ D-2ICH fRNj S 
i-2l::tt TRij ii^m^tix^^it-t^o w^TD 
- i i:D- 2;45*lw Frnj V :^ ^ ^^-ii—^-t i 
wtSrx-^7n-l^ai[HlKDFDC«5e^til1-5. -fS 
tf-fya-tkiH^^DFDCn. S ELl;45nopiJfr<& 
8 2 0 i:m^'ti> J:5tc82l?r^hL-feu^^'SELl 
§r*JWL. nop^<^8 2 0 §r7 y^S 5 KOOPN- 1 Id 
*S»3f5o X— ^'^D-l^aiSjSDFDCd:, ^yf"? 
5 10D-1. S 1- 1 Sr^iOiS^t-^iia? 5 3. 8 

1 3Sr:/^LT7s''f■8 5 IWDN- 1, siN-i(::1$ 

[0 0 5 6] ^fcx-iJ'^n-i^ttJIajggDFDCIi, "t 
U^^'S E L 2i5y J/-?-? 5 2eOOP-2 §rjgJii-5 J; 
5Jc$iJWt^8 2 2Sr:frLT-feu^^SEL2SrSiW 
t» 7 yf^ 7 5 200 P- 2 Sr7 ff^S 5 2 ©OPN- 
2Jc:*&i^-f-5o $blCr-:J'7o-g^ttl!il!SDFDC 
tt. irUj!'^'SEL3;i57j/f^7 5 lOS 1 - 1 ^iiJi 
•t-5 JlplCffliSm^S 2 S'^ifrL-feU^^'SELSSrSiJ 
iffL, 7 s/f-7 5 1 OS 1 - 1 §:7 yf^-S 5 2(0.S 1 N 
-2ICfe^-f5, */cr-^7o-<^ai|5]gSDFDCtt 
7 5/^7 5 2 0D-2 $rfS^i^7 5 4Sr^LT^-0** 
7s/'5"8 5 2 0DN-2|::^«iS^-t-5. ^felcr-^'^n 
— ^aESlDFDCtt. •fel'^^'SEL4;jS7S'f'7 5 
20S i-i$:S^-t-5.};9l::8 3 4€r^LT-feu^^' 
SEL4$:SiWL, 7 S'^7 5 2(0S 1 - 1 iSrS 2 N- 

2 IC*&ift*3l-5o 

l0057]|2111O(2) (i^^^^niovOD^-r -;U 
KO u i;;^ ;?#-§- 1 S^S^^ALUO S 1 7 w — Ko u 

x-vJ{cd:miiiiJ^tt^O**T. B2^^*5 3;it--:7 
[0 0 5 8] 7 J'f'8 5 1, 8 5 20#7-f— yUKlC^ 



IF (D-1) = (S 1-2) , 

THEN OPN-l«-OP-l. 
DN- 1, 
SlN-l-S 1-1, 
OPN-2'^OP-2, 
DN-2*-D-2. 
S 1N-2-S 1-1. 
S2N-2*-D-2 
M.t^^\z\tUTiDXo-Vhi>, 7 j/f-? 5 lOOP- 1 
(CIS Tniovj i)\ D-l\Z\t fRNj tJ^ S 1 - 1 IC« 

(DOP-2l::(i fALUj D-2|C»i TRxj ^55, S 
l-2|C|i FRNJ ti'-^^^tlX^^^k-r^o ZZX-D 
- 1 i S 1 -2;45*|C TRNJ X-l^i^:^^^^-A'—^-t 
^):: t $rx-^7D-^aj(H]JSDFDC;451^til-r-5, ^ 
LTx-^'^n-^tttllHlSSDFDGIl. ±Ui^^SEL 
l7J57s/f-7 5 1(OOP- 1 (::(754|-^oiov^<^)Sr3S^ 
-f^ J: 5 ic 8 2 1 Sr:ff Lir ^' S E L 1 ^vmt, mo 
v^^fr^r^i'f's 5 lOOPN- il;:J§^-t--5o 

[0 0 5 9] T-'-^'^D-^tilHKDFDCIi, 7 yf- 

7 5 ICOD- 1, S 1 - 1 ^roS*ff^^7 5 3. 

8 1 3^/hLT7:x5'8 5 lODN- 1, SlN-llC^S 
ifi*ii-So S/cx-^'7D-<^ttl(l]?SDFDCIi, 

^ S-E'L2t^y yf-l 5 2 (DO P - 2 §riMJR1--5 i ^ I- 
$iJffl)ft-§-8 2 2 $r^^LT■fe^'^^'SEL2$r$'JffllL, y 
•yf-7 5 2<r)0?-2^y iyf-SB 2 OO PN- 2 
*rt1-5o 'its X — ^7D— ^^ajlHllSDFDCIl. 7 5/ 
5 2(OD-2lr^(D*S{t^lS7 5 4. 8 0 4 ?r:fr 
L-7 3'5^8 5 2(0DN-2l::fe^-t-5. ^tjl^lx-^' 
7u-^til[5]jgDFDCtt, -bUrS'^^S EL 3:457 
7 5 1 CD S 1 - 1 $:ig^i-5 J; 0 lcSiJMS-§-8 2 3 Sr^ 
L-C1?u^^SEL3?rS'Jfflit. m-^^8 0 4$r:ft-LT 

7s/^852<DSlN-2|;i7 3'^751(DSl-lSr 
feS^-fio ''iJb'x — ^^7 0— ;^til[5]ggDFDCJi. 7 3/ 
f^7 5 2(0S 1 -2 $rft-§-i^7 5 4, SOA^i^X.X. 
•?-C0^*7yf^8 5 2C0S 2N-2»;:tSi^-f5, 
10 0 6 0] ;it>\ 7s/f^8 5 1, 8 5 2 

(2) 1:A|^TI4^HS1-5„ lai 1(73(1), (2) 
0:^T-7yf-8 5 1,8 5 2IC*§tt-raii^f^oTV^ft 

[0 0 6 1] 01 1(D (3) lll;i-'<7> Kff^^CD 1 f 
5/ h&->7 h^1?$r2;4--:7>Kff^*(Dl tfy h£v'7 

/UKOl--:?;^^#-i-J: 1 |.fe->7 h^^^asllO D 

^2^tJ<^;)5 2;*--:7i^KcDl l^y hfcv'^ h^^^asllll 
Sift ^ixTg ins, 

[0 0 6 2] -r^itih. «-7-f-;uKliTiScDJ:^(-^ 



10 0 6 3] 

IF (D-1) = (Sl-2) . 
THEN OPN-l-Dop, 

OPN-2-OP-2. 
DN-2-D-2orD- 1. 
S 1N-2<^S 1-1. 
S2N-2-NA 
01 lO (4) \t^\^^i,m^^'%mayX. M2^<^ 

y.\i^.mmi kd (d , (2) , (3) ids^^L/i 

^li^<D*ST-. ^2^<^7j5iE?a^^noplcS'^$nT 
S^nSo RiDftkj (D^^lll^ny^-fnfcj!>;(D^< 
'I'7*7'l'>-C^ff$n5, 

(0 0 6 4] -f/i^pt,, #7-<-/i' KlJTSaoj: 
(0 0 6 5] 

OPN- l^OP- 1, 
DN- l^D- 1, 
S 1 N- 1 — S 1 - 1 , 
OPN- 2— nop 

01 r(D (5) d:0il2:?S^<&zextt?IS^<^ALUt§r0 

D 7 -/P Ko P v;;^ ^' t iS-gr-f 5 s^^j, 5^ 
IC, m2#<^;j5 3;*--:7VK<D0jfl:«S?3fiff}<^2extALU 
[0 0 6 6] -t-^i*?*,, =&7^-;l/KeTI5<D<t^l-S: 

[0 0 6 7] 

IF (D-1) = (D-2) , 
THEN OPN- 1 -nop, 

OPN-2-zcxJU.D. 
DN-2'^D-2or D-1. 
S1N-2-S 1-1. 
S2N-2-S 1-2 
0110 (6) tt0te3S^<^zext(D D7-f— yUKOU 
9 #f - 1 ilD^^<6-add(DS 1 7 >f — ;l/ K<D U ^ # 

IJIIl^<^l5^(D**-C. i^2^<^;45 3;*-'<7>'K<D0 
te5giD^^<^zextaddlcS^$n-CK$n5o 
[0 0 6 8] -ttlt>%^ ^^-^-yUKttTIEOi^l-^ 

[0 0 6 9] 



IF (D-1) = (Sl-2) . 

THEN OPN-l*-OP-l, 
DN- 1-^D-l. 
S1N-1*-S 1-1. 
OPN - 2«-zextadd, 
DN-2*-D-2, 
S 1N-2-S 1-1, 
S2N-2-D-2 

(0 0 7 0] ill 1(0 (7) li^l^<f5-;45 0te?S^<^ze 

xtT-. m2^^xii^.mmi i<D (s) x\t (6) \z 

[0 0 7 I] -t^iioh. ^7-<->'UKlSTI20j; 

[0 0 7 2] 
O P N- 1 P - 1 , 
DN - 1-D - 1, 
S 1 N- 1— S 1 - 1 , 
OPN-2^nop 

dllW (8) niifyh&'>yh^<^asntmn^^ 
ALUi:?rl f :y h£->:7 hg5^^^asllALU(Clg-^-t-5 t 
nX'h^o 1 fs/ h^v'^ h^<^asll(75D7^'— 

!:i(i^l^^;45^J5!!A^noplC. ^ 2 3 > 

K<0 1 f :y h&'>7 hj|ISC^<^asllALUlc:S^$nTS 

[0 0 7 3] -fit?*), ^^-r-zv-KlSTIStOJ: 51-^ 

[0 0 7 4] 

IF (D-l) = (D-2), 
THEN OPN-l-nop, 

OPN-2-asIlALU, 
DN-2*-D-2, 
S lN-2«-S 1-1, 
S2N-2-S 1-2 
01 1(0 (9) (11 tfy h4->7 h^4?asll<0 
-/P K«DUv=;^^'#-§-i:A[]»A<^add(OS 1 7^" -yu K<0 

y>V<Dl \f y h£'>7 hAD^^<^aslladdlC^j$$n 
[0 0 7 5] -t-^ib*), «-7-<-/wKeTSE(0j;5{cS 

[0 0 7 6] 



IF (D-1) = (Sl-2) , 

THEN OPN-l«-OP-l, 
DN- 1-^D- 1, 
S IN- 1-^S 1-1, 
OPN-2— aslladd, 
DN-2-^D-2, 
S 1N-2^S 1-1, 
S2N-2*-D-2 
mi\(D (10) ^^^l-Sti-^i^Wfy h^^^as 
llT, «2^<^X(l^#;45|2Il 1<D (8) J^tt (9) (;: 

t^^y^^i^^m'^xhZi, z(DWi^. ri?3?^T- v^icis^ 

[0 0 7 7] -rfit>-t^^ *7^-;UKIlTf5<0j;^|c^ 
[0 0 7 8] 

OPN-1— OP-1, 
DN- 1— D- 1 , 
S 1 N- 1— S 1 - 1, 
OPN-2— nop 

mil<r> (11) ll2-O(0^<&BaiCx-^7D-;J5/j:VN 

S-^<ot<ot?, ifif^(OS:m(l?Ti3'i:v\ 

[0 0 7 9] v%mns 0 1 -c^'m$n/cfrLu> 

2o(0^^(lff-§-iia8 1 3. 8 04lCi|^ffi$n, ^iX^- 
tl^2y yf-m^ 5 OP^<Dy yf-S 5 1, 8 5 2 IZ^Sifeij 
^iii. -r— ^■^D— ^taiHllSDFDClcjaitS 

7 0 0) Idff-^-j^s 0 3Sr:fhLTa^S1-5, irtit)^. 
16z<Dy<-f yy^ >T T 3- Kl-i 2 o(0A<^§rJi^1-'5 

[0 0 8 0] ^hiZy'n-h'mmSiSO nt^n-SH^n 
Siy^—j^h' (Sl-1) , Dy^-yl'V (D- 

1) , $f)lc:fMi^^^(Osi ^-^-yuKs 0 3 (si- 

2) , 07^-— yUK5 0 2 (D-2) (0 4 0(0 Uv'yt.^' 
#-§-S:ff 8 0 5 , 806, 807, 808Sr:frLT 
I'i/;^^'7 7'1'>'1'8 0 2ICi^5o Uv?^^'7 7'l'>'l'8 0 
2rti04 0(OL'i?;^^(Ortgtt, ff-^8 0 9, 8 1 
0, 8 11, 8 1 2{cSg;^fffi^cn, ^2 7s/f"l¥7 4f^ 
(07j/5^8 5 3 (^1-lA:^) , 7S/^8 54 (|g 1 
-2A;^) , 7y'9^8 5 5 (Jg2-1A;^) , y'y^8 
5 6 (^2-2A;tl) ICfeiS^Sn^c 

[0 0 8 1 ] la 1 5JCIJ, Uv?;^^77-1'-'U8 0 2<0y 
D j/^l21*5,T:$tl5, l'v?;^^7T'r/'W8 0 211, Uv? 
R G S T R t U v^;^ ^ $fJ«llE]?S R C C t ^ TWeg $ 
^v?;^^RGSTRtt, 4 *(0 y - h t 2 
^fOy'T ^n^'^tftf-i^S 0 9, 8 

10, 811, 812, im-m 9 5 5, 9 5 6 IC^g£$ 
ti^oT, ^v5;^^77'l'yl'8 0 2 fl4O(0Uv>^ 



[0082] 011(^(1), (5). (8) 
fi. (S 1 - 1) t (S 1 -2) T-Ji^$n5 2 0(DU- 

v^J'Ortg/sft^lls 1 1, 8 1 2i;iij!;i^tli$tL, 7 

.yf-8 5 5 (^2-lA;^) , 7-;/f"8 5 6 (^2-2 

(0 0 8 3] El 1(0 (2) , (6), 19) (Dm-^ 
(1. (S 1 - 1) -Cft^$;lx5U->';^^'(73I^S;45fg^li 
8 0 9, 8 1 1 ICiS^til^tT., yyf-8 5 3 (^1-1 

A;^) >7y^8 5 5 (^2-iA;0) tiz^m^fi 

5= (D-2) -C*t5E$n5l--:^;^^^rtS*5ff-§-,^8 1 

2iciS;zfaj$ix , 7s/^8 5 6 (S2-2A:^) 

[0 0 8 4] H] 1 1(0 (3) O^-g-tt, (Sl-l)T 
Ji^iii2)Uv:^:?'i75rt§z)smf-IS8 1 l\z^Ji^iii^ 
7 5/^8 5 5 {^2-iA;^) (::tSJfl$n-5o 

[0 0 8 5] E 1 1(0 (4) . (7), dOCO:^'^ 
li, (S 1 - 1 ) ^v?;^^(0(^g;45ft^^ 

8 0 9(ZS£^aj$n/7i/'?-8 5 3 (^1-1 A:*) IC 

(0 0 8 6] 12 1 1(0 (1 1) (O^-^li, (Sl- 
1) . (D-1) , (Sl-2). (D-2) T'Jg^^F 
n5 4 0(OW-vJ;:^^'(OrtS;45ft^^8 0 9, 8 1 0, 8 
11. 8 1 2{CSE;i^[li$ix, 7yf-853 (Ml-lA 

. 7^5^8 5 4 (^1-2A:^) , 72/5^855 
(^2-lA:^) , 7s/'?-8 5 6 (m2-2A:^)) {CtS 

[0 0 8 7] «^tT^7^-v7» (a9(CttM3;^7^-v?9 

0 0 > ^ 3 7 y f^S? 9 5 0 t <0|$^1B7' D :x $ 
5= B3Xr—:;9 0 0tt, SI»*J{»g|5 9 0 1 t A L U 
(Alithmetic Logic Unit)^$'^tfiSgC||9 0 2, 9 0 
Stmi A;'3P9S[5]gS9 0 4, 9 0 5, jMJ?|§9 0 6, 

9 0 7 iT-fll^$n5, ^3;^T— :?9 0 0-C*J■5^^T 
.xx-v^(OSfiJii, 2o(0^<^(O^S^»$r3I^T■t■•5r tT- 

[0 0 8 8] «S[|f9 0 2 tmi A;^2igS[lI8g9 0 4(1 
7cfT^'n-5rgC^-r5fcfc<0[H]!ST\ M2 7j/f^8¥8 5 0 
f^(020(07 y^8 5 3, 8 5 4 1 - 1 A;^, ^ 

1 - 2 A;'3;55ft-§-i^ 8 5 9 , 8 6 0S::f^LTiS^^^9 0 
6;riigP3i^5, ^fc, ^3 7s/'f-|¥9 5 0rt(02O(07 

5 5. 9 5 6 §r^LTiM^S9 0 eidiifjtii. 
[0 0 8 9] jgSilgg 0 6|l{f-^i^8 5 9, 9 5 5&th' 
9 5 6(De>*,(0lO§rftf-i^l 0 0 llwtiev^SJ^tT^ 
lKtl\sin9 0 4RV^tm-m9 l 2$r^LTfKffli9 0 
2iZT-:^§ri5l5, *fc. iS^lfg 0 6«ft-§-iS8 6 
0. 9 5 5Rth'9 5 6(09*5(0 lo|:ft-§-^$l 0 0 lie 

m^vitRLx inarms 1 3^^rLT«^sf 9 o 21^7^- 



[0 0 9 0] j|?|[SiJ(5lgi5 9 0 1 li®2 7 y^»8 5 01^ 
(07:y^8 5 l(0^<^§r©t)ii.^. -5■<0^<^^tHg{Z^$^^ 
Sl^fgg 0 2, ^1 A:'dSS3SI£]SS9 0 4 «rfl^^9 1 1 
.i: 9 0 8T«L, 5fe^7^^<Ofcfe<0?|l3i?r^T 3= 
-C^m<0(il (miili:^) ia^3 7-;/'9^S|9 5 0^(07;/ 
f"9 5 3|Cff-^jg|9 1 8$r/^LTfeifrt$^^^., 

[0 0 9 1] JSI^H 9 0 3 i: ^ 1 A;'3SS?S[hJ!S 9 

0 5tt^gS^^Sr?l?»i-5^c»(OIl]K-C, ^2 7j/f'8¥ 

8 5 0f^(02O(07 S''9'8 5 5, 8 5 6*»lbM2-lA 

^2 -2A;(ji5f§-§-i^8 6 1. 8 6 2 Sr^rLTSiR 
^9 0 7lCi^t,n5c Sfc, B3 7 5/^8^9 5 0^(02 
0(072/^9 5 3. 9 5 4A»P,^lffi;^, ^2Ui:A?;i;ft 
^^9 5 5. 9 5 6§r:f^LTiSS^I§9 0 7|CigP,n5o 
[0 0 9 2] S^l^g 0 7{ifg^j^8 6 1. 9 5 5St>' 

9 5 6 (O 9 1 oSrft^i^ 1 0 0 2 l/^ii*? L-C^ 

1 7<t)m^ 9 0 5 St>'fi^^ 9 14^^ LXmn^ 9 0 

2. 9 5 S&t^g 5 6(09t,<0 loSrft^illl 0 0 2IC 
#V^iiMiRLTft^li9 1 5Sr^LTjSI»lf 9 0 3I;7- 
^'Sriilio filS*Jffl!^9 0 ltti52 7 s/f'S^S 5 0(^(0 

7 2/^^8 5 2(o^<6-SrSit)ii;^f, •^■<o^'^^«Helc^¥^r^)S5 

^^9'0 3, miAj'jSBSBjSg 0 5S:m^i^9 1 0 t 
9 0 9tTM^L. ^^1^i^<^(On:ft(OSI3iSr^T5, 

T*S^(0(S (m2m;'j) ttm3 7S'f^»9 5 0F^(O7 J/ 

f^9 5 4lcff-§-i^9 1 9<S^:f^LTfei&^$1^5, 
[0 0 9 3] jeA±*;, ^^T^x-v^ (ms^T^-v^go 

0) (O&^-Cfoiis sladd^'ft-^zextadd^'^ICOV>T 
MSiJiP^LTfc<o aslladd^^^-^zextadd^^fj, AdS 

$r^^-Ct5?lt»|g9 0 2 Sfclig 0 3'^(0Bi A:^S: 
l§lciSSA;^1-5<0T/i<, 111 A:^flS[2l8S 9 0 4 * 

^11 9 0 5 Kp^ti L^n^iknmmu 9 0 1 i'-mm l, 

1 t^y hfe->7 f«^0te3g(02BS5r?ToTi3#, 
tg»li9 0 2*^tt9 0 S'^Al^L, ^ZX-m^(DMn 

[0 0 9 4] 01 0tcH:m4;Ax 

-v?l 0 0 0(OKif^SrIft!^-t-5fcfc(07'n 3,^(2l;i5^$ 
ii5„ ^4 J^^x-C^l 0 0 OH, Uv?^^'#-§-«?SS0!S 

1 0 1 0 t7;M7-x^:^^'$lJpE?gi 0 2 0 tTfllfife 

$ix5o ^4 v^i 0 0 0-c*)5 Uv'^^^'^coSt 
iit), 

[oogs] (1) 2o(0#<^(0«S[|SSSrJt^$n7t 

[0 0 9 6] (2) 2O(0ifh<frc0SISIg^;45m^n3,i^ 

T(OSI»;^x~i; (2>:(0/<^7'7'i'^') T{s&ffl$n5'i 

hsH2 7yi-m8 5 0 1*11^7 s/^$iXXV^5filT't < , 
B3 7 5/^1^9 5 0(^{c:7j/f^$nTi^5fil$:S5»lllc 

[0 0 9 7] S-f, (1) (05!iSA>e,K9^-f5= m4^ 



1. 9 5 2;)'ibi:W;cg|^$il/c2 0(D^<J??rft^*§9 
5 7, 9 5 8 ar^i-LTUv?;^^'#-i-^ijSlHJ?S 1 0 1 0 IC 
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